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BACKGROUND 
Field 

[1001] The present invention relates to inductors, and, more particularly, to 
structures and methods for generating an inductance in a circuit. 

Description of the Related Art 

[1002] Classical inductors typically include an input, an output and a coil 
disposed therebetween through which current rotates. The width of each coil turn is 
typically equal to the thickness of the coil turn. In an integrated circuit, the width of 
each coil turn is typically equal to the thickness of the available metal layers. There 
has been an increasing need to design a small inductor with a good quality factor (Q). 
This need is especially pronounced in high frequency voltage controlled oscillator 
(VCO) designs. However, such inductors have been very difficult to design given 
modern integrated circuit design restrictions. Traditionally, inductors are designed to 
be metal traces forming various loops. One limitation on this type of inductor is that 
as the inductance value L decreases, its quality factor Q tends to get smaller as well. 
This makes small inductors less useful in high-frequency, low-loss VCO designs. 

[1003] One resolution of this problem is to place multiple inductors in parallel to 
reduce the effective inductance. For example, when two identical inductors are 
placed in parallel, the effective inductance L e ff of the parallel inductors is the 
combined inductance L c of each inductor plus the mutual inductance M between the 
inductors divided by two. 




L c +M 
2 



Patent Application 026-0024 



- 1 - 




Attorney Docket No.: 026-0024 



If the parallel inductors are placed too close together, M is substantially equal to L c 
(M~L C ), and there is little or no inductance reduction at all. If the inductors are placed 

sufficiently far away from each other, M«0. In this case, L eff =— . However, 

2 

sufficient isolation is difficult to obtain. Also, there is a limit on the number of 
inductors that can be placed together in parallel given the fact that their mutual 
inductances need to be small to get effective inductance reduction. Thus, there is a 
need for a new inductor and method for generating an inductance, e.g., to generate a 
small inductance L with sufficient quality factor Q. 

SUMMARY 

[1004] It has been discovered that an inductor may be made to include a surface 
rotational portion instead of a coil. In one embodiment, a surface rotational portion 
has a length that is substantially equal to the length of the inductor and is substantially 
larger than the thickness of the surface rotational portion. The exemplary surface 
rotational portion is a conducting structure which is substantially enclosed along the 
length of the structure and which has openings at each end of the structure and an 
opening along the length of the structure between the end openings. One example of 
such a structure is a cylinder having a lateral opening and openings at its ends or 
bases. Another example of such a structure is a duct-shape or rectangular structure. 
Any appropriately shaped surface may be used to rotate current, and varying 
thicknesses and lengths may be used such that the length of the surface rotational 
portion is substantially larger than the thickness of the surface rotational portion as 
taught herein. 

[1005] The foregoing is a summary and thus contains, by necessity, 
simplifications, generalizations and omissions of detail. Consequently, those skilled 
in the art will appreciate that the foregoing summary is illustrative only and that it is 
not intended to be in any way limiting of the invention. Other aspects, inventive 
features, and advantages of the present invention, as defined solely by the claims, may 
become apparent in the detailed description set forth below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[1006] The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. The use of the same reference symbols in different 
drawings indicates similar or identical items. 

[1007] Figure 1 is a cutaway view of a cylinder inductance structure. 
[1008] Figure 2 is a perspective view of a cylinder inductance structure. 
[1009] Figure 3 is a perspective view of a duct-shaped inductance structure. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[1010] The following discussion is intended to provide a detailed description of at 
least one example or embodiment of the invention and should not be taken to be 
limiting of the invention itself. Rather, any number of variations may fall within the 
scope of the invention which is properly defined in the claims following this 
description. 

[1011] Figure 1 shows an inductor 10. Inductor 10 includes input 12 and output 
18. Rotational portion 16 is coupled between input 12 and output 18. Arrows on 
Figure 1 show a current flow entering input 12, rotating in a clockwise direction 
through rotational portion 16, and exiting inductor 10 at output 18. As shown, 
inductor 10 is electrically symmetrical with respect to current, and input 12 may act as 
an output, and output 18 may act as an input. 

[1012] Figure 2 shows a perspective view of inductor 20. Inductor 20 includes 
input 22 and output 28. Input 22 and output 28 are surface I/O nodes which are 
distributed over or continuously cover a particular area to facilitate a free flow of 
current (e.g., with relatively low resistance) into and out of the inductor 20. As 
shown, inductor 20 is electrically symmetrical and surface input 22 may act as an 
output, and surface output 28 may act as an input. Rotational portion 25 is coupled 
between input 22 and output 28. The length of the surface rotational portion 
measured from base end 23 to base end 27 is equal to the length of the inductor. 
Rotational portion 25 includes side edge 21 and side edge 29. Side edges 21 and 29 
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are substantially parallel to each other and define an opening or space 24 in rotational 
portion 25. 

[1013] Rotational portion 25 is a surface rotational portion of length /. For 
example, as shown, the surface rotational portion has a curved surface of a certain 
thickness which is used in place of a traditional coil of a classical inductor. Varying 
thicknesses and lengths may be used such that the length of the surface rotational 
portion is substantially larger than the thickness of the surface rotational portion 
wherein the direction of the thickness is perpendicular to the surface area where the 
thickness is measured. For example, in one embodiment, the ratio of length to 
thickness is 100:1 to achieve a desired quality factor and inductance. In this 
embodiment, the length of the surface rotational portion (and the inductor) is equal to 
100 microns whereas the thickness of the surface rotational portion is equal to 1 
micron. However, other ratios which provide a "substantially larger" length may be 
used such as ratios of 50:1 or 500:1 depending on design requirements in specific 
cases. Some embodiments may use surface rotational portions having length-to- 
thickness ratios of as low as 5:1 or length-to-thickness ratios as high as 1000:1 or 
even much higher. 

[1014] In the embodiment shown in Figure 2, current enters inductor 20 at surface 
input 22, rotates in a clockwise direction around rotational portion 25 from side input 
edge 21 towards side output edge 29, and then exits inductor 20 via surface output 28, 
as shown by the current arrows. 

[1015] In this embodiment, surface input 22 is a surface which has a characteristic 
surface area and appropriate thickness. In other embodiments, other types of 
distributed inputs may be used such as multiple instances of more traditional vias 
which may be connected to points which are, for example, evenly distributed along 
side input edge 21. Similarly, the shown embodiment includes surface output 22 
having a characteristic surface area and appropriate thickness. In other embodiments, 
other types of distributed outputs may be used such as multiple instances of more 
traditional vias which may be connected to points which are, for example, evenly 
distributed along side output edge 29. Other types of inputs and outputs may be used, 
including strictly traditional, single via inputs. For example, more traditional vias 
may be coupled to inductor 20 near base input edge 23 and base output edge 27, 
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respectively. Other couplings may occur near the middle of inductor 20 or another 
appropriate location. 

[1016] Figure 3 shows a perspective view of inductor 30 which may, for example, 
be embedded in integrated circuit. Inductor 30 is a duct-like structure which may be 
easier to form given the design restrictions of many semiconductor processes and 
integrated circuits. 

[1017] As shown in Figure 3, inductor 30 includes surface input 31 and surface 
output 39. As shown, inductor 30 is electrically symmetrical and input 31 may act as 
an output, and output 39 may act as an input. As discussed above with reference to 
Figure 2, the I/O nodes 31 and 39 may take any of a variety of different forms. 

[1018] A surface rotational portion is coupled between input 31 and output 39. 
The rotational portion is used in place of a traditional coil of a classical inductor. The 
rotational portion includes substantially planar sides 32, 33, 34, 35 and 36. Side 32 
has an edge which is coupled to side 33, which in turn has an edge coupled to side 34, 
which in turn has an edge coupled to side 35, which in turn has an edge coupled to 
side 36. Side 32 includes side edge 42, and side 36 includes side edge 44. Side edges 
42 and 44 of the rotational portion are substantially parallel to each other and define 
an opening or space 45 in the rotational portion. Side edges 42 and 44 need not be 
located in the center of a side of the inductor as shown in Figure 3, and may be 
located at a corner in which case the rotational portion has only four substantially 
planar sides. 

[1019] As shown in Figure 3 by the current arrows, current enters inductor 30 at 
surface input 3 1 . The current rotates, here in a clockwise direction, around the 
rotational portion sides from side input edge 42 towards side output edge 44, first 
through side 32, then through side 33, then through side 34, then through side 35, then 
through side 36. The current then flows from side 36 through side output edge 44 and 
exits inductor 30 via surface output 39. As demonstrated in Figure 3, the described 
current rotation need not be circular or elliptical in nature, and may occur over any 
type of curve. 
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[1020] Sides 32, 33, 34, 35 and 36 may be continuous surfaces as shown in Figure 
3. However, the sides of inductor 30 may be formed in other ways to approximate the 
performance of continuous surfaces. For example, some integrated circuit 
manufacturing techniques may form vertical sides 33 and 35 as multiple, parallel, 
vertical, solid cylinders (e.g., vias) of conductive material such as metal. In this case, 
each cylinder would include an input base end coupled to receive current from the 
preceding side (e.g., input base ends of cylinders of side 33 from preceding side 32) 
and an output base end to provide current to a next side (e.g., from cylinders of side 
33 to next side 34). The same applies to other vertical surfaces such as inputs 3 1 and 
39. Other semiconductor manufacturing limitations or adaptations for convenience 
may result in other modifications being made to the surface rotational portion without 
deviating from the spirit of the claimed invention. 

[1021] When the length / or I of the inductance structure or inductor is larger to 
much larger than the width W and the height H (and/or, the radius of the base, the 
area of the base, or other similar base measurement), the inductance L of the inductor 
is approximately as follows: 

T WH 

I 

Therefore, as the length I of the inductor increases, the inductance L of the inductor 
will decrease, and the loop resistance will also decrease. Therefore, the quality factor 
Q does not degrade as the inductance decreases. This property makes this inductance 
structure particularly suitable for high frequency, low phase noise VCO designs, 
among others. Notwithstanding, the length of the inductor may be on the same order 
of magnitude as the height and width, and still provide a surface inductor. For 
example, although the length of the inductor may be substantially larger than the 
height of the inductor in some embodiments, or the same as the height in other 
embodiments, some embodiments may include a surface rotational portion having a 
length that is one-half the height, for example, but still substantially larger than the 
thickness of the surface rotational portion. 

[1022] Also, by applying capacitance and amplification across the side space 
(e.g., space 45) along the length of a surface inductor between the inductor's side 
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edges, the surface inductor may be used as part of an LC oscillator. Distributed, 
alternating capacitors and amplifiers may be attached in parallel across the side space, 
for example. This case demonstrates that surface inputs 3 1 and 39 are optional. That 
is, circuit components may be coupled directly to side edges 42 and 44. For example, 
amplifiers and capacitors may be coupled in space 45 between edges 42 and 44, and 
in such a case, the current is generated by the amplifiers in space 45. 

[1023] Thus, a novel inductance structure is taught herein which includes a 
surface rotational portion instead of a coil. The surface rotational portion is a 
conducting structure which is substantially enclosed along the length of the structure 
and which has openings at each end of the structure and an opening along the length 
of the structure between the end openings. For example, the surface rotational portion 
may be any surface formed by a line or curve moving in parallel or around a central 
axis line at a fixed or varying distance therefrom. In one embodiment, a metal or 
other conducting material cylinder or tube may be used, as is shown in Figures 1 and 
2. Generally, a cylinder is a surface generated by a family of all lines parallel to a 
given line (the generatrix) and passing through a curve in a plane (the directrix). A 
right section is the curve formed by the intersection of the surface and a plane 
perpendicular to the generatrix. The parallel bases of a cylinder may form any angle 
with the axis. In the case of "cylindrical" embodiments described herein, the cylinder 
may be circular, noncircular, right or oblique, and the radius of a cylinder or the area 
enclosed by the sides of the rotational surface on a plane crossing such sides need not 
be constant over the length of the inductor. Thus, in one embodiment all right 
sections of the inductor define the same area; and, in another embodiment the areas of 
different right sections may vary. In another embodiment, a duct-shape inductance 
structure may be used, as is shown in Figure 3. In this case, the directrix is square or 
rectangular to take advantage of certain integrated circuit and semiconductor 
processing requirements. Other shapes may be used for the directrix. Thus, any 
appropriate shapes may be used, of varying and appropriate thickness and length, as 
long as the appropriate inductance and quality factor are maintained for the 
application in question. 

[1024] Because the above detailed description is exemplary, when "one 
embodiment" is described, it is an exemplary embodiment. Accordingly, the use of 
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the word "one" in this context is not intended to indicate that one and only one 
embodiment may have a described feature. Rather, many other embodiments may, 
and often do, have the described feature of the exemplary "one embodiment." Thus, 
as used above, when the invention is described in the context of one embodiment, that 
one embodiment is one of many possible embodiments of the invention. 

[1025] Notwithstanding the above caveat regarding the use of the words "one 
embodiment" in the detailed description, it will be understood by those within the art 
that if a specific number of an introduced claim element is intended in the below 
claims, such an intent will be explicitly recited in the claim, and in the absence of 
such recitation no such limitation is present or intended. For example, in the claims 
below, when a claim element is described as having "one" feature, it is intended that 
the element be limited to one and only one of the feature described. Furthermore, 
when a claim element is described in the claims below as including or comprising "a" 
feature, it is not intended that the element be limited to one and only one of the feature 
described. Rather, for example, the claim including "a" feature reads upon an 
apparatus or method including one or more of the feature in question. That is, 
because the apparatus or method in question includes a feature, the claim reads on the 
apparatus or method regardless of whether the apparatus or method includes another 
such similar feature. This use of the word "a" as a nonlimiting, introductory article to 
a feature of a claim is adopted herein by Applicants as being identical to the 
interpretation adopted by many courts in the past, notwithstanding any anomalous or 
precedential case law to the contrary that may be found. Similarly, when a claim 
element is described in the claims below as including or comprising an 
aforementioned feature (e.g., "the" feature), it is intended that the element not be 
limited to one and only one of the feature described merely by the incidental use of 
the definite article. 

[1026] Furthermore, the use of introductory phrases such as "at least one" and 
"one or more" in the claims should not be construed to imply that the introduction of 
another claim element by the indefinite articles "a" or "an" limits any particular claim 
containing such introduced claim element to inventions containing only one such 
element, even when the same claim includes the introductory phrases "one or more" 



Patent Application 026-0024 



-8- 




Attorney Docket No.: 026-0024 



or "at least one" and indefinite articles such as "a" or "an." The same holds true for 
the use of definite articles. 

[1027] The above description is intended to describe at least one embodiment of 
the invention. The above description is not intended to define the scope of the 
invention. While particular embodiments of the present invention have been shown 
and described, it will be obvious to those skilled in the art that, based upon the 
teachings herein, various modifications, alternative constructions, and equivalents 
may be used without departing from the invention claimed herein. Consequently, the 
appended claims encompass within their scope all such changes, modifications, etc. as 
are within the true spirit and scope of the invention. Furthermore, it is to be 
understood that the invention is solely defined by the appended claims. The above 
description is not intended to present an exhaustive list of embodiments of the 
invention. Unless expressly stated otherwise, each example presented herein is a 
nonlimiting or nonexclusive example, whether or not the terms nonlimiting, 
nonexclusive or similar terms are contemporaneously expressed with each example. 
Although an attempt has been made to outline some exemplary embodiments and 
exemplary variations thereto, other embodiments and/or variations are within the 
scope of the invention as defined in the claims below. 
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